INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory disease (1) affecting 400,000 people in the UK (2) . Early intervention is emphasized in RA in order to maintain function, inhibit joint damage and improve patients' quality of life. National Institute for Health and Clinical Excellence (NICE) guidelines (1) recommend a combination of pharmacological and non-pharmacological therapy (3) .
Sixty percent of patients with RA have hand and wrist problems (1) that could benefit from occupational therapy (OT) and these patients are routinely referred for splinting (4, 5, 6) . Several terms are used to describe wrist splints which are thought to support the wrist, restrict movement and thereby reduce pain and allow for greater functional use of the hand. For the purpose of this review the term working wrist splint will be used to define splints which support the wrist and allow for functional use of the hand. Treatment guidelines (1, 7, 8) recommend that working wrist splints should be offered to patients with RA, however, they also highlight the lack of rigorous analysis of their effectiveness. Only one Cochrane review (9) , one systematic review (10) and two narrative reviews (5, 11) have exclusively examined the evidence for splinting in patients with RA.
Egan et al. (9) examined the use of splints and orthosis in the treatment of RA and included 14 studies of which 8 were randomized controlled trials (RCTs). Five studies examined working wrist splints, and Egan et al. (9) concluded that they have no positive effect on pain. However, this review included a wide range of splint types, and overall the quality of studies was rated as 'fair'. Steultjens et al. (12) explored the evidence for a range of OT interventions used in treating patients with RA, 16 studies, including 7 RCTs, focused on a range of upper limb splints. The authors concluded that there were indicative findings that splints decrease pain, however, they rated the overall methodological quality of the studies as poor.
Previous literature reviews have not examined the full breadth of literature, most have been unsystematic in their approach and frequently have failed to adequately report results or present conflicting interpretation of the same studies. Consequently there is no clear guidance for clinicians on the effectiveness and use of working wrist splints in RA.
When attempting to answer questions of effectiveness, the statistical combination of reported data, as is common in systematic reviews, could be criticized as lacking context and explanation (13) . Similarly, qualitative studies can only provide insight to develop an understanding of lived experiences. Theories generated from these insights however, can be examined for evidence of their effect in the quantitative literature and a deeper understanding of the impact of splinting can be gained through a combined synthesis of the breadth of literature available. By including evidence from diverse study types this review aimed to provide a much richer and more THE EFFECTIvENESS OF WORKINg WRIST SPlINTS IN ADUlTS WITH RHEUMATOID ARTHRITIS: A MIxED METHODS SySTEMATIC REvIEW meaningful answer (13) to the question: Are working wrist splints effective in the management of patients with RA? Effectiveness is defined as improvement in function, strength, pain and dexterity for the purpose of this review.
METHODS

Data sources and searches
The protocol for this study was registered with the Centre for Review and Dissemination (CRD42012001946) and the review was conducted according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (14) (PRISMA) guidelines. A systematic electronic literature search was conducted using 10 databases (Fig. 1 ) from their date of inception to September 2012. Key-words used to search were dependent on the database (see Fig. 2 for an example of the Embase search). Article references were hand searched and a search of relevant print and electronic journals was also conducted. Titles and abstracts of potentially eligible studies were screened by one researcher (lR) and ambiguous studies were discussed with two additional researchers (JMcv and RJW) and consensus reached.
Study selection
Qualitative and quantitative studies published in English that examined the effectiveness of working wrist splints amongst people with RA or the experiences and/or perceptions of patients and/or therapists or carers involved in the provision of working wrist splints to people with RA were included. Studies where less than 50% of participants were diagnosed with RA and studies including children with juvenile idiopathic RA were excluded. Studies where splinting was included as part of an extensive OT treatment program were excluded as the effect of co-interventions could increase threats to internal validity. Studies where splints were used following surgery were also excluded as the primary purpose of splinting following surgery is to immobilize and facilitate healing. Studies addressing splints for the finger or thumb joints only or studies investigating pressure gloves were also excluded as these are not wrist splints. Outcomes of interest were identified as: pain, swelling, deformity, range of motion, dexterity, strength, function and quality of life with the most frequently occurring outcomes: function, strength, pain and dexterity being presented here.
Data extraction
The primary reviewer (lR) extracted data guided by the Cochrane Effective Practice and Organisation of Care group data abstraction form (15) .
Quality assessment and risk of bias
Each paper relevant for risk of bias assessment was independently assessed by two reviewers. A blinded rating of the methodological quality of the studies was carried out by the primary reviewer and then independently reviewed by a second reviewer (JMcv or JW). Any ambiguous issues were discussed and consensus reached. RCTs were analysed for methodological quality using the van Tulder Scale and risk of bias was assessed using the Cochrane Risk of Bias tool (16) . Consensus was reached by discussion and the level of inter-rater agreement recorded as a Kappa coefficient.
RCTs were deemed to be of high quality if they scored at least 6/12 on the van Tulder Scale (1) and evidenced two of the following 4 cri- (Table I ) and tailored to reflect items deemed applicable for trials involving splinting. For studies of quasi-experimental and observational design (other design), methodological quality was assessed using the Cochrane Criteria of Methodological Quality (12) . Methodological quality was judged as high if at least 4 internal validity measures, two descriptive and one statistical criterion scored affirmatively (12) . Survey/questionnaire studies were assessed using the tool recommended by the Centre for Evidence Based Management (17) . For qualitative studies an analysis of the research process and transparency in data analysis was guided by the Critical Appraisal Skills Programme (CASP) © Qualitative Critical Appraisal Tool (18) .
Consequently, threats to bias were: inadequate randomization, nonblinding of assessors, no intention to treat analysis and no measurement of compliance. Medium quality studies were classified as achieving at least 6/12 on the van Tulder Scale and satisfying at least one of the 4 criteria above. Studies were deemed to be of low methodological quality if they scored less than 6/12 on the van Tulder Scale and/or satisfied one or fewer of the 4 listed risks to bias. Quality classifications were then combined with the criteria in Table I to summarize the strength of evidence for each outcome.
Data synthesis and analysis
Due to the heterogeneity of the studies in terms of settings, splint interventions and outcome measures it was not possible to carry out a metaanalysis. As recommended by the Centre for Reviews and Dissemination (20) , a narrative approach to the synthesis of data from the quantitative studies was undertaken. A summary of the characteristics and findings of the included studies was tabulated (Table SI 1 ) and analysis of the relationships within and between studies was combined with overall assessment of the robustness of evidence (20) . Where appropriate and possible, the magnitude of the change between groups was measured using Cohen's d (effect size) where d = 0.2 was considered a small effect size, d = 0.5 medium and d = 0.8 large effect size.
A meta-ethnographical approach involving the selection, comparison and analysis of studies was used to synthesize qualitative evidence ) *************************** 
RESUlTS
The database and hand search resulted in 150 titles which were reduced to 88 by application of the inclusion and exclusion criteria for eligibility screening. Following screening 23 studies (1981-2009), involving 1,492 participants were eligible for inclusion (Fig. 1) .
Description of studies
Studies were classified as RCTs (n = 9) (22-30), experimental (n = 4) (31-34), observational (n = 3) (35-37), survey/questionnaires (n = 5) (38-42) and qualitative studies (20) (n = 2) (43, 44) . Seventeen studies presented descriptive statistics relating to the age of the participants with a mean age of 55.5 years from 16 of these. One study (26) provided the median age, and 4 (36-39), did not state the age of the participants. Two studies did not specify participants' gender (36, 39) and the gender of the rheumatologists surveyed in the study by Spoorenberg et al. (42) was not stated. From 12 studies (22, 23, 27, 28, 30-35, 40, 42) mean disease duration was 9.3 years, median was given for one study (26) as 3 years and in 6 not stated (25-27, 32, 39, 43) . The most frequently investigated outcomes throughout all studies were hand function or perception of hand function (n = 9 studies) (22, 23, 25-28, 20, 31, 34) , grip or pinch strength (n = 9 studies) (23, 24, 25, (29) (30) (31) (32) (33) , pain (n = 8 studies) (25-30, 33, 34) , dexterity (n = 4 studies) (32, 34, 35, 37) .
Five cohort surveys investigated: splint compliance (41), factors affecting patient compliance (38) and usage of wrist splints (40, 41, 42) . Two qualitative studies using phenomenological methodology investigated the use and preference of wrist splints (44) and the determinants of the use of wrist splints (43) .
With respect to outcome measures a total of 31 outcome measures were used to measure function, grip strength, pain, dexterity, ROM and disease activity. Follow up time varied across studies from immediate checking effects of the splint (24) to checking effects one year following use (39) . In crossover trials splint use was measured after one, two or four weeks use with a one week wash out between splints (22, 25, 28, 29, 34) . Table II presents a summary of the splinting parameters showing inconsistency in the duration and frequency of splint wearing regimes.
Risk of bias assessment within studies
Results of the Cochrane Risk of Bias tool and the van Tulder Scale for the included RCTs are shown in Tables III and Iv. The mean score for the van Tulder Scale was 5.6/12 (range 4-7, moderate quality (45) . Using the Cochrane Risk of Bias tool 5 studies obtained a score of 6 or more, indicating a low risk of bias (22, 25, 27, 28, 30) . Four studies scored less than 6, indicating substantial bias (23, 24, 26, 29) .
For the van Tulder Scale, inter-rater agreement between reviewers for all items on each scale was examined and average Kappa coefficients were calculated to be 0.57 (95% confidence interval; CI 0.43-0.71). The Kappa coefficient for the Cochrane Risk of Bias tool was 0.56 (95% CI to 1.33-2.24). Both indicate moderate agreement between reviewers (46) .
Three studies (31, 33, 34) of quasi-experimental and observational design had high methodological quality and 4 (32, 35, 36, 37 ) low methodological quality (Table v) . It was unclear in these 4 low-quality studies whether the outcome assessor was involved in treatment or if the timing of the outcome assessment in all participants was comparable. Fig. 3 displays the overall risk of bias across the RCTs. Common methodological shortfalls within RCTs were inadequately concealed treatment allocation (n = 9) (22, 23, (24) (25) (26) (27) (28) (29) (30) and lack of blinding of assessors (n = 6) (22, 23, 24, 26, 27, 30) . Additional failings noted were a lack of intention to treat analysis (n = 8) (23, (24) (25) (26) (27) (28) (29) (30) and the non-avoidance of co-interventions (n = 9) (22, 23, 24-30) such as pharmacotherapy regimens or physiotherapy.
Risk of bias across studies
Within the quasi-experimental and observational studies (n = 7) (31-37) only one study explicitly stated that the outcome assessor was not involved in treatment (33) . Short and long-term follow up measurements were absent across most studies with only one (31) performing short-term follow-up measurements.
The two qualitative studies (43, 44) did not detail the relationship between the researcher and participants, it was also unclear whether ethical issues had been considered. However, the research was judged to be valuable overall, taking the findings into consideration in relation to existing knowledge and its contribution to that knowledge.
Function/perception of function
Nine studies evaluated the effectiveness of a variety of working wrist splints on a range of functional tasks (22, 23, 25-28, 30, 31, 34) . Two studies reported improvement in function (23, 28) but only one reached statistical significance (p < 0.05) with a large effect size for leather splints (d = 0.8) and medium effect size for fabric splints (d = 0.5) (28) . One high quality RCT (28) found that both a custom made leather splint and a pre-fabricated splint improved function, with the leather splint being superior to the pre-fabricated splint (p = 0.008, d = 0.8). A low quality RCT (23) comparing 3 pre-fabricated splints found no significant difference between the splints with respect to measures of function. However, there was a patient reported improvement in the ability to perform some tasks such as carrying heavy items and driving with the use of all 3 splints. Six studies reported no change in function with use of splints (25) (26) (27) (30) (31) (32) , 4 of these were RCTs, 3 of high (25, 27, 30) and one of low methodological quality (26) . Two quasi-experimental studies, one of high (31) and one of low methodological quality (34) reported both no change Working wrist splints and rheumatoid arthritis (coin manipulation, shears task) and a decrease (ability to write, screwdriver task) in function with the use of splints. The remaining high quality RCT (22) , reported statistically significant findings between splinted and un-splinted hands in favour of the un-splinted hand on a range of functional tasks (e.g. writing, p < 0.001, d = 0.1) card turning, p < 0.001, d = 0.3).
Grip strength
Nine studies evaluated grip and/or pinch strength (23, 24, 26, (28) (29) (30) (31) (32) (33) . One low quality RCT (26) and one low quality quasiexperimental study (32) reported improved pinch strength with the use of a variety of pre-fabricated splint and custom made splints, with the magnitude of the effect of splinting on pinch ranging from d = 0.3 to d = 0.9 in one study (32) . Five studies (26, 28, 30, 31, 33) reported an improvement in grip with the use of a splint, however, only in one of these studies was that difference statistically significant (p<0.001, d = 0.3 and d = 0.4) (28). Conversely, one low quality RCT (23) and low quality quasi-experimental study (32) reported significant decrease in grip strength with the use of splints. One study (23) found grip Patient selection a) were the eligibility criteria specified? Interventions b) was the intervention explicitly described? c) were co-interventions avoided? d) was the compliance acceptable?
Outcome measurement e) Was the outcome assessor not involved in the treatment? f) were the outcome measures relevant? g) were adverse effects described? h) was the withdrawal/drop out rate described and acceptable?
i) timing follow-up measurements: a) was a short-term follow-up measurement performed? b) was a long-term follow-up measurement performed? j) was the timing of the outcome assessment in all patients comparable? Statistics k) was the sample size of the patient group described? l) did the analysis include an intention-to-treat analysis? m) were point estimates and measures or variability presented for the primary outcome measures? Internal validity -c, d, e, f, h, j. Descriptive criteria -a, b, g, i. Statistical criteria -k, m. Occupational therapy for rheumatoid arthritis (13) .
significantly reduced with the use of 3 different splint types compared to no splint (p = 0.001); another (32) reported similar findings with the use of a hinged splint (p = 0.03).
Effect of working wrist splints on pain
The effects of the most commonly investigated outcomes are summarized in Table vI . Of the 8 studies that evaluated pain, 4 were high (25, 27, 28, 30) and two were low quality RCTs (26, 29) . High quality RCTs reported statistically significant between group, short-term (2-4 weeks) reductions in pain using a range of pre-fabricated and custom made splints. Two studies (25, 28) compared custom made leather with various pre-fabricated splints, although all reduced pain, the custom made leather splints in both studies were significantly more effective, (p = 0.001, d = 0.79). One high quality quasi-experimental study (33) reported an immediate reduction in pain of 39% (d = 0.7), 42% (d = 0.7) and 52% (d = 0.8) when carrying out 3 activities of daily living (ADl). One high quality RCT (27) reported a statistically significant reduction in pain (p < 0.05) with the use of a pre-fabricated splint in 5/13 functional tasks. The remaining low quality RCTs and quasi-experimental studies (26, 29, 34) all reported a decrease in pain with the use of various splints. Kjeken et al. (27) was the only study to assess pain with or without splinting at long-term follow up (6 months).
Dexterity
Four studies measured dexterity (22, 31, 32, 34) , two of which found a statistically significant decrease in dexterity with the use of a splint (22, 34) . One study (34) reported that the average time to complete all 7 tasks on the Jebsen Hand Function Test was longer (4.4 s) when wearing a pre-fabricated splint when compared to no splint (p = 0.0086, d = 0.2). Although Stern et al. (22) found no difference between 3 pre-fabricated splints, all 3 reduced finger dexterity (p < 0.001). There was no difference in dexterity in an alternating treatment design study (31) , with and without a custom made splint on coin manipulation. However, conversely these authors found writing dexterity reduced with the use of the splint. Only one specific splint (spiral splint) within the study by Burtner et al. (33) was found to significantly improve dexterity (p = 0.03) measured using the 9-hole peg test.
Summary of strength of evidence
To construct best evidence synthesis for quantitative studies 5 RCTs were rated as high quality (22, 25, 27, 28, 30) and four as low quality (23, 24, 26, 29) . There is strong evidence that working wrist splints reduce wrist pain, and the magnitude of this reduction was found to be medium. This is supported by consistent, statistically significant differences in three high quality RCTs (25, 28, 30) . further supported by one high quality quasi-experimental study (33) . There is moderate evidence that grip strength was improved and dexterity impaired with the use of a working wrist splints (22, 36) . There is insufficient evidence in relation to the effect of working wrist splints on function due to conflicting results (27, 28, 30) .
Meta-ethnographical analysis of qualitative studies
Two qualitative studies using a phenomenological design investigated the use and preference of wrist splints (44) and the determinants of wrist splint use (43) . Additionally 5 cohort studies investigated wrist splint compliance (38, 39) and usage of wrist splints (40, 41, 42) . Several experimental studies (23, 25, 30, 36, 37) provided additional qualitative data by reporting questionnaire results in addition to the primary outcomes measured. Related themes and concepts from study participants and researchers within the studies were extracted, compared and interpreted to build key translations (Table vII) .
Themes
Prescription, knowledge and splint use. Spoorenberg et al. (43) found that 93% of rheumatologists advised patients to use their splints often or almost always during activity and 11% advised patients to use it at night. Another study (43) found that most participants were aware of the purpose of their splints, although those who had inaccurate knowledge tended not to return to the prescriber for further advice. Several studies found that splint use was explicitly linked to patients' perceptions of the seriousness of their symptoms (38, 40, 41, 43, 44) . Non-use was also evident in observational studies (37, 38) . The most commonly cited reason for use of the splint was for the reduction of pain and swelling (25, 33, 40, 42, 43, 30, 38, 44) .
The reported effect of splinting on function varied. In one study (43) , the majority of participants experienced a decrease in function with use of the splint, however, others cited improved functional ability with splint use (39) (40) (41) (42) (43) (44) . Common functional tasks for which the splint was removed were 'wet' and 'dirty' tasks (43) with two studies reporting the inability to fit gloves over the splint a reason for non-use (23, 43) . Contrary to this Agnew & Maas (39) found a high percentage (71.4%) of their respondents (n = 130) used their splint when washing dishes. One study (44) reported splint use for performing heavy tasks such as farm chores, mowing lawns and raking leaves, and another (41) found differences between the type of splint prescribed as a deciding factor for attempting to carry out tasks such as gardening or hanging out clothes.
The negative effect of working wrist splints on dexterity was commonly reported (38) where participants wore their splints for activities which required greater strength and less dexterity. Three studies reported increased strength (38, 43, 44) . In another study no perceived change in grip strength was also reported (43) .
Adherence and social factors. A survey of rheumatologists and RA patients (42) found that 16/21 participants advised to wear their splint when physically active adhered to this advice. Six participants were advised to wear at night with none complying. Another survey (39) found that over 70% of 265 Australian patients wore their splint as advised. However, non-adherence is common; 19.4% (7/36) of participants in one (38) and 42% (54/128) in another survey (40) did not wear their splint at all. Decreased functional ability (43), difficulty with using and having no symptoms (40) , were cited as reasons for non-use.
The social environment was also a consideration (43, 44) . The splint was felt to prevent people shaking hands, often attracted unwanted attention, staring and questions (44) . Family and partners were also reported as influencing wear in some situations (44) . Characteristics which deemed certain splints to be unsuitable for males were reported as appearance and poor suitability to 'male' tasks.
Splint attributes. Splint appearance was deemed to be largely irrelevant in some studies with participants more concerned with their effectiveness (39, 43, 44) . However, 14 of 32 participants found their splint unwieldy and 9 thought it ugly (42) . When participants in an RCT (28) (n = 47) comparing three splint types were questioned on satisfaction with splint appearance, 91%, 75% and 72% of participants were satisfied with the appearance of three different splints.
Combined synthesis. The use of working wrist splints was reported to be explicitly linked to the seriousness of symptoms such as pain. This appears to support the findings of the quantitative literature. The inconclusive effect of working web space. Critical of lack of material to allow closure at proximal forearm. Temperature less important to most but warmer splints rejected when heat was a critical issue. Appearance and ability to keep clean not a major concern and rarely cited for accepting or rejecting a splint. Patients are likely to take but not use an uncomfortable splint
• Choice and will allow patient examination of individual attributes and less likely to lead to rejection of a splint
• Patients more concerned with utility than appearance but will reject a splint on comfort
• Design aspects could be improved (stay hems, length of forearm, width of web space, length of dorsum, straps) Persuaded by partners to wear/not wear in some situations.
Do not wear going to parties or visiting people. Skin bulging between straps (indication they were overweight) Social cognitive theory and theory of planned behaviour suggest social environment an important determinant -not a major influence in decision to wear/not wear in this study (Stern) . Other people trying to prevent wrist overburdening (less hand squeezing, opening doors). Overweight people did not bring up the fact that straps bulged -perhaps embarrassed or assumed unique to someone of their size Splint used as a warning to others of pain Social environment not a major influence on use wrist splints on function was also evident with patients giving variable accounts of use and non-use for particular functional activities. The impact of splint use on dexterity and strength was also highlighted in the qualitative literature and again supports findings from the quantitative literature that dexterity is impaired with splint use. Additional factors such as ease of use, cosmesis and the social environment appear to be linked to splint use, however, this requires further exploration in order to reach definitive conclusions.
DISCUSSION
The aim of this mixed methods systematic review was to determine the effectiveness of working wrist splints in adults with RA.
The results of the analysis of the 23 studies in this review suggest that working wrist splints reduce pain in patients with RA.
In addition, the synthesis of the qualitative studies confirmed that the primary use of splints by people with RA is to decrease pain and swelling. This finding is accepted with the caveat that results are based on relatively few studies which are of variable quality. The results also suggest that there is moderate improvement in grip but an inconclusive effect on function with splint use, and it appears that dexterity can be negatively affected. The synthesis of qualitative data suggests that splint use is task dependent. This may reflect the effect of splint use on dexterity and therefore use or non-use becomes a personal decision based on experience of use for individual functional tasks. The wide variety of splint types and variability in disease duration coupled with often inadequate detail on precise wearing regimes, including immediate versus longer term wear, prevent definitive conclusions about which splint types and wearing regimes are associated with better outcomes.
Working wrist splints impact on function appears to be task specific. Tasks for which function was improved with splint use across studies were tasks where strength was required (lifting, pushing, and pulling) such as vacuuming, yard sweeping, lifting heavy objects. It can be argued that this is strongly linked to the studies which found that splints increase grip strength. The link between decreased dexterity and ability and reported use of splints for functional tasks which require finer manipulation is also apparent. Patients tended not to wear their splints for tasks where dexterous manipulation was required.
Of particular note, this review has identified that the terminology used to describe functional activity of the hand or upper limb as a whole is inconsistent across studies. Common terms included: hand related activities, dexterity, upper limb function, applied dexterity, applied strength, fine motor tasks, hand and upper extremity functions, and functional activities. Further, the subtle interconnection between hand function and upper limb function is not made explicit across studies and a gap in the literature with respect to the definition of upper limb function and its measurement is apparent. Stern et al. (22) differentiated between dexterity and hand function based on the size of objects being manipulated. Assessments using objects smaller than 2.5 cm are considered finger dexterity tests. Those using objects larger than 2.5 cm are considered manual dex- There was a diverse range of outcome measures used, including both standardised and non-standardised measures, which, to some extent, hampered meaningful comparisons to be made.
The range in disease duration within and between the investigated studies does not allow definitive conclusions to be drawn about the optimum time for splint prescription. Treatment guidelines (2, 8, 9) highlight the need for early intervention and as evident in the qualitative synthesis improved education and prescription protocols. This is the first mixed methods systematic review to evaluate the effectiveness of working wrist splints in the treatment of people with RA. Previous reviews evaluating a range of upper and lower limb splints have concluded that working wrist splints have no positive effect on pain relief (10) , that splints in general can decrease pain (12, 13, 49) and improve strength (13, 49) , but that they may decrease hand movements (13) . In agreement with the current review, previous systematic reviews (11, 12, (47) (48) (49) highlight the limited evidence for the effectiveness of working wrist splints in improving range of motion, grip strength or slowing down of deformity. Methodological weaknesses such as small sample sizes, large variations in duration of disease within studies and inconsistencies in reporting are reinforced.
Strength and limitations of current review
Restricting the search to English language articles, and excluding conference proceedings may have resulted in the omission of relevant research. Further no formal mechanisms, such as funnel plots, were used to identify if publication biases affected results. A narrative approach to the synthesis of quantitative studies provides an auditable process to address potential bias in relation to the identification and synthesis of studies. This has been argued as producing reliable and generalizable conclusions (50) and highlights key messages from the literature. However, over-interpretation of the data is recognized as a limitation of this approach. Also of note is the inclusion of cross-over studies which may lead to inconclusive or biased results if the methodology is not carefully analyzed or the number of participants is very few (29) , since it does not truly compare interventions between groups but within subjects.
There are a wide range of splints used with patients with RA. However, the focus of this literature review is on working wrist splints and therefore other splint types were excluded. Studies investigating splints used following surgical procedures were excluded as the use of this splint following surgery is primarily to allow for healing of anatomical structures. Splints used as part of extensive OT treatment programmes were also excluded as the inherent effect of co-interventions would increase the likelihood of threats to internal validity.
While there have been previously published reviews on this topic (10, 11, 12, 13, 18, 48, 49) , this current review has systematically examined the full breadth of the literature, allowing for additional studies, of all methodologies to be included, which give a richer, more contextualized interpretation of the data. Also included are studies which have been carried out since the completion of previous reviews (28, 30, 40, 43) .
Implications for future research
Future studies should meet basic requirements that minimize selection and detection bias (adequate randomization and assessor blinding). Studies should be adequately powered with a combination of validated outcome measures in order to accurately capture effect. Objective measures of global upper limb functional activity should be considered and combined with subjective measures of pain and functional activity. There is also a need for more studies examining the human dimensions and experiences of both the consumers and providers of working wrist splints.
Conclusion
This review has demonstrated that working wrist splints reduce pain in patients with RA. In addition, the synthesis of the qualitative studies confirmed that the primary use of splints by people with RA is to decrease pain and swelling. Results also suggest that there is moderate improvement in grip, inconclusive effect on function and a negative impact on dexterity. However, there have been few rigorously conducted clinical trials, and many with methodological shortcomings, and little homogeneity between studies in relation to splints. Outcome measures and the population studied prove problematic in providing definitive answers for clinicians on which to base clinical practice.
